The Power of Teamwork: Winning the 2007 Ergo Cup by Naca, Christine
Advancing Science with DNA Sequence
.
Christine Naca
The Power of Teamwork:
Winning the 2007 Ergo Cup
Advancing Science with DNA Sequence
.
Overview
• Description of the JGI
• Overview of Production Tasks
• Ergo Cup Competition
• JGI Ergonomics Program
Advancing Science with DNA Sequence
.
DOE Joint Genome Institute
• 250 Staff:  30% LLNL and 70% 
LBNL
• Mix of research and manufacturing 
work
•Integrated Safety Management 
(ISM)
• Stephen Franaszek (LBNL)
Walnut Creek, CA
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Office & Manufacturing 
Work Environments
60% staff in computer-
intensive office settings
40% staff in hand-intensive
production tasks (2 shifts)
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Manufacturing Work Environment
• 40% of the staff make up the manufacturing work environment
• High throughput laboratory manufacturing
• Hand-intensive repetitive tasks
• 32 people, 2 shifts/day
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Production
Short Film 
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Plating Process Details
Purpose of Plating:
• To evenly spread individual bacteria onto agarose 
growth media.
• Bacteria grow into randomly spaced separate colonies 
that can then be picked, by robot, into microtiter plates.
• The result of the overall process is to put individual 
samples into individual sample wells.
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Plating Process Details
Plating Stats:
• 9”x9” bioassay plates 
• Weight:  1.2lbs/plate (low 
profile) or  1.4lbs/plate (high 
profile)
• 40 plates/batch
• 4-5 plates/cycle
• 1-2 minute shake time/cycle
• Approx. 100 efforts/minute
• Total processing time 40 
minutes
Plating Process:
• Pour glass beads onto 
bioassay plate.
• Pipette solution onto 
bioassay plate.
• Stack 4-5 plates together.
• Shake and tilt the plates 
until the beads evenly 
spread the solution across 
the agarose gel on the 
plate.
• Remove the glass beads
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Plating Process Film
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Ergo Evaluation Techniques
•Estimates the risk of injury to the distal upper extremity (elbow and below)
•Integrates risk factors: force, repetition, posture, recovery time, and duration of 
the day
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Manual Plating Process
Risk Factors:
• High grip force when handling 5 plates/cycle
• Wide (4”) grip span (low profile)
•Grip Force 30-41% of maximum voluntary contraction; Moore-
Garg Strain Index = 40.5
Musculoskeletal Problems:
•Awkward hand and wrist postures to repeatedly tilt and rotate 
the plates for 40 min/batch 
•Reports of discomfort and fatigue in operators in upper 
extremities, shoulders, and back.  
Workstation Layout:
•Conducted at a fume hood in a high traffic walkway 
•Does not accommodate a sitting workstation due to the lack 
of leg clearance.
Efficiency:
•4 plates per cycle manually, limited by weight (8-10lbs) & 
awkward grip of plates
Problem
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TEAM ERGONOMIC  SOLUTION
Hand-held
Manual process
Technologist
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Mechanical 
Engineering 
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SHAKE ‘N PLATE
Solutions were initiated by production line operators’ participation in process improvement.
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SHAKE ‘N PLATE
Solution
Intermediate Interventions:
•Lighter weight low-profile bioassay plates (reduced weight 
by 19% and grip span to 3”)
•Risk factors still high (Strain Index dropped from 60.8 to 
40.5).
Workstation Layout:
•Process was moved out of fume hood onto a lab bench 
(less foot traffic)
•Accommodates option of sit down or standing workstation 
(adequate leg clearance and better quality anti-fatigue mat)
Tool:
•Swiveling manual plating fixture with 3 degrees of freedom, 
eliminating the sustained gripping of the plates (dropped 
Strain Index to a ‘safe’ score of 2.3).
Efficiency:
•The acceleration, tilt, and rotation of the fixture are 
controlled by the operator. (Important for the glass beads to travel across 
entire plate in order to efficiently produce high quality bacterial colonies, critical for 
subsequent steps in the production process).  
Advancing Science with DNA Sequence
.
Shake ‘N Plate
Before After
Administrative:
•Leg Room for seated option
Off the Shelf:
•Lighter plates
•Anti-fatigue Mat
Engineering (custom):
•Fixture to hold the plates
Increased Productivity:
•25% ↑ throughput
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Outcome
Safety •Grip Force 14-19% of maximum voluntary contraction•Moore-Garg Strain Index = 2.3
Quality •The quality of the sample did not change.
Delivery/Efficiency •Process 5 bioassays per cycle with fixture.•Increased throughput by 25%.
Cost
•Reduction in process time by 25% 
•ROI (10 years) = 0.6 months
•Since the intervention, production staff reports no discomfort after 
plating, and no injuries have occurred in association with this task.
Morale/Teamwork
•Participatory process  Æ production staff design concept.
•The new workstations ↑ flexibility for multiple operators.
•Increased morale due to improvement of task and potential for 
future automation & cross training.
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2007 Ergo Cup Competition
10th Annual Applied Ergonomics Conference
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2007 Ergo Cup Winners
“Team Driven Workplace Solutions”
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Evolution of Shake ‘N Plate
BEFORE MANUAL INTERVENTION CURRENT INTERVENTION
Automated System
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The JGI Ergo Program
Why Are We Having Success?
• Teamwork 
– Employee-led Ergonomics Working Group
– Management Commitment
• Identify Solutions
– Quick Fix-Administrative Solutions
– Long Term-Engineering Solutions
• On-Site Ergo Support
– Rapid Response
– Encourage Early Reporting
• Communication/Education
– Group Meetings
– Posters
– Weekly Ergo Email
– Custom Ergo Training Courses 
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Managing Ergonomics 
Team Effort
JGI Ergo Program
JGI Safety
Informatics
LBNL 
EH&S
Ops/Facilities
Instrumentation
EWG
Management
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Engaging the Staff
Ergonomics Working Group
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Current Ergo Project Status
# Ergo Projects by Classification
Classification Category Closed In Progress Grand Total
Administrative 48 8 56
Engineering
Custom 40 17 55
Off the Shelf 51 16 65
Grand Total 139 41 180
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Communication and Education
Stretch Posters Potty Training
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JGI Ergonomic Injury Summary
CY 2006
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Challenges
• Equipment/instruments designed for small 
batches/small lab use now being used for 
high throughput operation
• Culture:  
– Understanding Efficiency vs. Speed
• Regular Breaks and Lunch
• Mix of hand-intensive activities
• Overtime practices
• Staffing issues
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In Summary
• Collaborative Effort 
• Continuous Improvement
• Proactive and Participatory Ergonomics 
Program
Results:
• Improved Employee Morale 
• Decreased Recordable Injuries
•Winner of 2007 Ergo Cup for “Team Driven 
Workplace Solutions”
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Project Team:  Diane Bauer, Christine Naca, Simon Roberts, Karl Petermann, 
Charles Reiter, Catherine Adam, Sanna Anwar, Miranda Harmon-Smith, Karli 
Ikeda, Ira Janowitz, Martin Pollard, Damon Tighe
This work was performed under the auspices of the US Department of Energy's 
Office of Science, Biological and Environmental Research Program, and by the 
University of California, Lawrence Livermore National Laboratory under Contract No. 
W-7405-Eng-48, Lawrence Berkeley National Laboratory under contract No. DE-
AC02-05CH11231 and Los Alamos National Laboratory under contract No. DE-
AC02-06NA25396. 
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